Fax +41 61 306 12 34 E-Mail Objective: Pelvic fracture can be complicated by posterior urethral injury (PUI) in up to 25% of cases. PUI can produce considerable morbidity, including urethral stricture, erectile dysfunction (ED), and urinary incontinence. Optimal management of PUI is unclear, however, the current gold standard is placement of a suprapubic cystostomy with delayed urethroplasty (SCDU) performed several months later. Another option is early primary realignment (PR) with urethral catheter, performed either open or endoscopically. Through a systematic review and meta-analysis, we aimed to compare PR and SCDU regarding stricture, ED, and urinary incontinence rates. In light of advancing endoscopic techniques, we also aimed to compare early endoscopic realignment (EER) alone with SCDU. Methods: PubMed, Medline, and Embase were searched for eligible studies comparing PR, including EER, and suprapubic cystostomy plus delayed urethroplasty from database inception until July 17th, 2018. We also reviewed reference lists from relevant articles. Study quality assessment was conducted using a modified New-
castle-Ottawa (mNOS) scale (maximum score 9). Results: From 461 identified articles, 13 studies encompassing 414 PR and 308 SCDU patients met our eligibility criteria. Twelve studies were retrospective non-randomized case studies, with 1 prospective randomized case study. Included studies were of moderately low quality (mNOS mean score: 6.0 ± 0.6). Meta-analysis demonstrated that PR and SCDU had similar stricture rates [odds ratio (OR): 2.14; 95% confidence interval (CI): 0.67-6.85; p = 0.20], similar rates of ED (OR: 1.06; 95% CI: 0.62-1.81; p = 0.84), and similar rates of urinary incontinence (OR: 0.94; 95% CI: 0.49-1.79; p = 0.86). Six studies compared EER alone (229 patients) versus SCDU (195 patients) . Meta-analysis demonstrated that these modalities also had similar stricture rates (OR: 4.14; 95% CI: 0.76-22.45; p = 0.10), similar rates of ED (OR: 0.79; 95% CI: 0.41-1.54; p = 0.49), and similar rates of urinary incontinence (OR: 1.10; 95% CI: 0.48-2.53; p = 0.82). Conclusion: For PUI patients, neither PR nor EER produces superior outcomes compared to SCDU regarding stricture, ED, and urinary incontinence rates. The quality of studies in the literature, however, is very poor, with the majority of studies being non-randomized retrospective case studies with potentially high bias. Additional high-quality research, particularly prospective studies and randomized controlled trials, are needed to strengthen the evidence base.
Introduction
Pelvic fracture associated with major trauma can be complicated by posterior urethral injury (PUI), with studies estimating incidence of this between 1.5 and 25% [1] [2] [3] . In these cases, the prostate gland is forced into the perineal membrane, with the urethra subsequently stretched and injured.
PUI can produce considerable morbidity, including urethral stricture, erectile dysfunction (ED), and urinary incontinence. The aim of immediate management of PUI, after patient stabilisation, is to divert urine in order to prevent extravasation and reduce inflammation of the traumatised region. The most favorable immediate management technique, however, is unclear in regard to reducing morbidity and optimising long-term outcome, and has changed repeatedly over time.
The two most common modern techniques used to treat PUI are primary realignment (PR) and suprapubic cystostomy with delayed urethroplasty (SCDU). These techniques have replaced immediate open suture repair, either by a perineal or retropubic approach, owing to better safety and long-term outcomes [4] [5] [6] [7] [8] . PR is performed early in a patient's management and aims to bring the 2 ends of the urethra together in parallel over a urethral catheter in order to facilitate healing. Whilst this technique avoids retropubic dissection, concerns regarding rates of ED and urinary incontinence led to the use of suprapubic cystostomy becoming more popular [8] . PR is then followed by elective, delayed urethroplasty usually at least 3 months post-injury. In patients treated by this technique, development of a urethral stricture is inevitable. However, the use of the suprapubic cystostomy ensures that this stricture is due to the original injury and not due to trauma from the realignment process, and is thus more amenable to urethroplasty once inflammation in the region subsides [9, 10] . SCDU is still a popular approach, however, advancements in endoscopy in the 1990s has led to primary early endoscopic realignment (EER) emerging as a rivalling, minimally-invasive treatment option [11] [12] [13] . Performed with the same rationale as open PR, EER usually involves retrograde flexible cystoscopy with simultaneous antegrade cystoscopy performed via a cystostomy with the aim of correctly placing a urethral catheter [14, 15] .
The aim of this systematic review with meta-analysis was to critically analyze the current difference as of July 2018 between PR and SCDU in the treatment of PUI patients. In light of advancing endoscopic techniques, we also aimed to compare EER with SCDU. In order to evaluate these techniques, we aimed to review and compare rates of stricture formation, ED, and urinary incontinence.
Materials and Methods

Search Strategy
This search was performed according to the Preferred Items for Systematic Reviews and Meta-analysis (PRISMA) criteria. A systematic literature search was performed on July 17th, 2018. PubMed, Medline, and Embase databases were searched for studies published from database inception until the search date. A comprehensive search string using the following terms was used: 'realignment', 'alignment', 'cystostomy', 'urethroplasty', 'anastomosis', 'disruption', 'injury', 'trauma', 'distraction', 'tear', 'rupture', and 'urethra'. Search string used for PubMed, Medline, and Embase was [('realignment' OR 'alignment' ) AND ('cystostomy' OR 'urethroplasty') OR 'anastomosis'] AND ('disruption' OR 'injury' OR 'trauma' OR 'distraction' OR 'tear' OR 'rupture') AND ('urethra' OR 'urethral') . We also reviewed reference lists from related articles to identify further potential eligible studies.
Eligibility Criteria
The titles and abstracts of all articles returned by our search were assessed for potential relevance. If deemed relevant, the fulltext of that article was evaluated against our eligibility criteria. We only included studies that compared PR (open, endoscopic, or both) against SCDU in pelvic fracture patients. This included studies analyzing adult patients, pediatric patients, or both. Due to the paucity of relevant studies, we did not place limitations on study design and also chose to include scientific meeting abstracts if eligible.
Articles focusing on anterior urethral injuries, animal studies, or diagnostics were excluded. Review articles, non-comparative studies, letters to editors, and commentaries were also excluded unless they included relevant, eligible primary data.
Data Extraction
Data were extracted from each eligible study and entered into a pre-designed single spreadsheet. Data headings included study design, modalities compared, recruitment period, location, follow-up duration, number of patients, age of patients, and comparative data regarding our three primary outcomes. These outcomes were post-intervention stricture rate, ED rate, and urinary incontinence rate.
Risk-of-Bias Assessment
We anticipated that the majority of, if not all, studies deemed eligible would be comparative case studies, rather than randomized controlled trials. Therefore, we used the modified Newcastle-Ottawa scale (mNOS) for case-control studies (maximum score 9) to evaluate the methodological quality of eligible studies [16] . This scale has been chosen in other reviews where case studies were the only study design found [17] [18] [19] . We defined high quality as a score of ≥ 7, and low quality as a score of ≤ 6. Publication bias was evaluated by inspection of funnel plots. 1980-1993 1985-1998 1989-1998 N/A 1990-2003 1986-2000 1990-2005 2002-2009 1986-2012 2009-2013 2000-2014 Wrong intervention: n = 10 Cannot access: n = 9 Insufficient data: n = 9 Includes anterior urethral injury: n = 6
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Subgroup Analysis
We hypothesized a priori that, due to advancements in endoscopic techniques and their minimally invasive nature, EER may produce better outcomes compared to open PR. Therefore, we chose to analyze EER alone versus SCDU as a subgroup.
Statistical Analysis
For our three outcome measures, rates of each were determined and hence odds ratios (OR) with 95% confidence interval (CI) were calculated. A p value of < 0.05 was used to indicate a significant difference of treatment effect. The chi-squared test was used to assess for statistical heterogeneity, with p < 0.1 indicating heterogeneity. In the presence of heterogeneity, we used a random-effects model for meta-analysis. If data proved to be homogenous, a fixed-effects model was used. All statistical analysis was performed with Review Manager (v.5.3, 2014; Cochrane Initiative).
Results
Study Characteristics
Our search returned 461 articles in total, with 13 studies meeting our eligibility criteria for inclusion ( fig. 1 ) [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . These 13 studies encompassed 414 PR and 308 SCDU patients. Six of these studies compared EER alone (n = 229) against SCDU (n = 195) [22, 26, 27, 29, 30, 32] . One study included both open PR and EER patients but did not provide separate data for each modality [31] . Table 1 displays the characteristics of included studies. Ten studies were full-text studies [20-27, 30, 32] , and 3 were scientific meeting abstracts [28, 29, 31] . Twelve studies were retrospective non-randomized case studies [20] [21] [22] [23] [24] [25] [26] [27] [28] [30] [31] [32] , with one prospective non-randomized case study [29] . There were no randomized controlled trials identified. No studies reported matching patient groups.
These 13 comparative case studies were overall of moderately low quality [mean mNOS score 6.0, standard deviation (SD) 0.6] (table 2) . Four studies were deemed to be high-quality [24, 28, 29, 31] , whilst 9 were deemed to be low-quality [20-23, 25-27, 30, 32] .
Outcomes Table 3 presents outcome definitions and data.
Stricture Rate
All 13 studies were included in the meta-analysis for stricture rate for PR versus SCDU ( fig. 2) [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] . Three studies individually indicated that SCDU produced significantly lower stricture rates [28, 29, 32] . Ten studies reported similar stricture rates [20-27, 30, 31] . No study reported a lower stricture rate following PR. Meta-analysis demonstrated that PR and SCDU had similar stricture rates (random-effects model; OR: 2.14; 95% CI: 0.67-6.85; p = 0.20). The data analyzed here were deemed to be heterogeneous (p < 0.00001, I 2 = 87%).
Six studies were included in the subgroup meta-analysis for stricture rate for EER versus SCDU ( fig. 3 ). Of these, 2 studies indicated significantly lower stricture rates following SCDU [29, 32] . Four studies reported similar stricture rates [22, 26, 27, 30] , and no study reported lower stricture rates following EER. Meta-analysis indicated that EER and SCDU carry similar stricture rates (random effects model; OR: 4.14; 95% CI: 0.76-22.45; p = 0.10). The data analyzed here were deemed to be heterogeneous (p < 0.00001, I 2 = 87%), hence inclusion of EER could not explain the heterogeneity observed in the overall effect for stricture rate.
Erectile Dysfunction Rate
Eight studies reported data on ED rates following PR versus SCDU and hence were included in this meta-analysis ( fig. 4) [20-23, 25, 27, 29, 32] . All 8 studies reported similar rates of ED between treatment modalities. Meta-analysis indicated that PR and SCDU produce similar rates of ED (fixed effects model; OR: 1.06; 95% CI: 0.62-1.81; p = 0.84). The data analyzed here were not heterogeneous (p = 0.52, I 2 = 0%).
Four studies were included in the subgroup meta-analysis for EER versus SCDU ( fig. 5) [22, 27, 29, 32] . All 4 studies reported similar rates of ED between treatment modalities. Meta-analysis confirmed that the EER and SCDU produce similar rates of ED (fixed effects model; OR: 0.79; 95% CI: 0.41-1.54; p = 0.49). The data analyzed here were not heterogeneous (p = 0.29, I 2 = 20%). Meta-analysis of stricture rate for PR versus SCDU, using a random-effects model. Fig. 3 . Meta-analysis of stricture rate for EER versus SCDU, using a random-effects model.
Urinary Incontinence Rate
Nine studies reported data on urinary incontinence rates following PR versus SCDU and were therefore included in this meta-analysis ( fig. 6 ) [20, 22-26, 27, 29, 32] . Two studies reported no cases of urinary incontinence following either treatment in any patient, and hence differences in treatment effects for these studies was not estimable [26, 27] . The other seven studies all indicated similar rates of urinary incontinence between treatment arms [20, 22-25, 29, 32] . Meta-analysis demonstrated that PR and SCDU produce similar rates of urinary incontinence (fixed effects model; OR: 0.94; 95% CI: 0.49-1.79; p = 0.86). The data analyzed here were not heterogeneous (p = 0.50, I 2 = 0%). Five studies were included in the subgroup meta-analysis for EER versus SCDU ( fig. 7) [22, 26, 27, 29, 32] . Two studies reported no cases of urinary incontinence in either treatment arm [26, 27] . The other 3 studies all indicated similar rates of urinary incontinence [22, 29, 32] . Meta-analysis showed that EER and SCDU produce similar rates of urinary incontinence (fixed effects model; OR: 1.10; 95% CI: 0.48-2.53; p = 0.82). The data analyzed here were not heterogeneous (p = 0.11, I2 = 55%).
Publication Bias
Funnel plots constructed for stricture rate following PR versus SCDU (13 studies) ( fig. 8) , and for EER versus SCDU (6 studies) did not demonstrate symmetry, suggesting a degree of publication bias for these outcomes. Funnel plots constructed for ED or urinary incontinence rates, for PR or EER versus SCDU, all demonstrated symmetry, suggesting a lack of publication bias.
Summary of Findings
The GRADE system was used to evaluate the quality of evidence [33] . This quality was deemed as very low for all outcomes with all comparisons (table 4) .
Discussion
Previous Systematic Reviews Three systematic reviews have previously compared PR with SCDU [34] [35] [36] , with one of these exclusively comparing EER against SCDU [36] . Of the 2 reviews that performed meta-analysis, both concluded that PR produces a significantly reduced stricture rate compared to SCDU [34, 35] . These also indicated similar ED and urinary incontinence rates between PR and SCDU. The present review is the first to perform meta-analysis comparing EER alone against SCDU.
Stricture Rate
The meta-analysis performed to assess stricture rate indicated similar rates between PR and SCDU (p = 0.20), and between EER alone and SCDU (p = 0.10). That PR and SCDU produce similar stricture rates is surprising given previous meta-analysis indicating an advantage for PR [34, 35] .
Despite the minimally invasive nature of EER, this technique also led to similar stricture rates compared to SCDU. There is a paucity of EER studies in the literature, so inclusion of future studies may lead a significant difference in treatment effects during meta-analysis. Fur-thermore, of the 229 EER patients analyzed here, 163 (71.2%) developed strictures, which was a poor figure. For now, therefore, we question whether centers that perform SCDU as standard for PUI patients would indeed benefit from switching to EER as first-line management.
It is also arguable that the nature of EER is less desirable for patients. EER, whilst it can produce durable patency, can also necessitate repeated, painful dilatations, with the threat of acute urinary retention in-between. One study of 17 PUI patients treated by EER reported a median of 4 endoscopic urethral procedures per patient at mean follow-up of 41 months [37] . This included a patient who underwent 36 such procedures. The notion that EER requires more additional procedures is also confirmed by several studies included in the present review [29, 32] . Repeated procedures can lead to further urethral injury and actually worsen scarring, with subsequent pain, bleeding, and formation of fistulas. There is also evidence that strictures develop up to 16 months later following EER compared to placement of a suprapubic cystostomy [32] . Therefore, whilst the rationale behind EER is plausible, it can lead to chronic stricture and a longer clinical course, and therefore may not be preferential for many patients, particularly younger ones.
In contrast to PR or EER, the placement of a suprapubic cystostomy in the emergency setting means that urinary diversion can be achieved quickly and other life-threatening injuries, particularly in the context of pelvic fracture, can be managed. This means that a resultant stricture is almost inevitable, but elective delayed urethroplasty once the patient has recovered from other injuries can be very effective. An important animal study demonstrated that, compared to catheter realignment, urethral healing is enhanced when the ends of the urethra are precisely opposed, as is the case with the tension-free anastomosis performed in urethroplasty [38] .
Our conclusions are weakened by the poor quality of included studies. Retrospective observational studies, of which all except one study were, are very prone to bias. Indeed, stricture rate data for PR versus SCDU and EER versus SCDU was deemed to be statistically heterogeneous. This may be explained by inclusion of multiple different realignment techniques. Indeed, the patients analyzed here were treated between 1980 and 2014, over which period techniques and equipment have altered. Open PR, for example, can be performed by insertion of a Foley catheter, interlocking sounds and railroading methods.
Another cause of heterogeneity may be differences in the time to PR or EER, and the time to delayed urethroplasty. Only one study mentioned the time to PR Light/Gupta/Dadabhoy/Daniel/ Nandakumar/Burrows/Karthikeyan Fig. 7 . Meta-analysis of urinary incontinence rate for EER versus SCDU, using a fixed-effects model. Heterogeneity: Chi 2 ² = 4.41, df = 2 (p = 0.11); I 2 ²= 55% Test for overall effect: Z = 0.23 (P = 0.82)
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[24], and another mentioning time to EER [32] . Just 5 studies mentioned the time to delayed urethroplasty [21, 24, 26, 28, 30 ]. Furthermore, just 5 studies mentioned how patients were allocated to receive each treatment, with no studies reporting on patient group matching.
Only one study randomized patients [29] , with 2 studies indicating allocation was based on surgeon preference [20, 28] , and one study preferring SCDU only in patients with isolated or incomplete PUI [25] . Although we have used a random-effects statistical model to combat heterogeneity, significant problems with or non-reporting of study methodology means that our conclusions become very weak. We also encountered a degree of publication bias for our stricture rate analysis ( fig. 8 ). Of course, pelvic fractures are generally caused by major trauma, so conducting high-quality randomized controlled trials in this area is inherently logistically difficult.
ED Rate
Of the 8 studies reporting on it, ED affected 41/234 (17.5%) and 28/212 (13.2%) of PR and SCDU patients respectively, with no significant difference between the groups (p = 0.84). Although there was no statistical difference for rates between EER and SCDU, a considerable 163/229 (71.2%) of EER patients developed ED.
All three previous reviews concluded that ED is more of a consequence of the initial injury rather than management [34] [35] [36] . However, distinguishing between de novo dysfunction and dysfunction due to management is difficult without serial measurements of erectile function before and after PUI, and before and after any procedures. ED is caused by damage to the neurovascular bundle, so it is plausible that open PR would increase the risk of ED through additional manipulation of traumatised tissue. It is also plausible that EER would provide excellent outcomes as the endoscope should not access the periprostatic tissue. In consideration of this rationale, we are unable to explain the comparatively high (71.2%), albeit statistically similar, rate of ED in EER patients.
Once again, the lack of standardisation as to how patients were allocated to receive each treatment could be important. If more severely injured patients were chosen to receive one treatment this will bias the subsequent meta-analysis. Furthermore, evaluating ED was not standardised either. Five studies did not report how they defined ED [20, 21, 23, 27, 29] , two used patient self-reporting [22, 32] , and one used an unspecified patient questionnaire [25] (table 3) . Standardised use of a validated questionnaire such as the International Index of Erectile Function questionaire would improve data quality [39] .
Urinary Incontinence Rate
Urinary incontinence was an uncommon morbidity, affecting 22/259 (8.5%) of PR patients, 10/171 (5.8%) of EER patients, and 19/232 (8.2%) of SCDU patients. We did not detect statistical differences for this outcome between PR and SCDU (p = 0.86) and between EER and SCDU (p = 0.82) patients.
Two previous reviews, similar to ED, concluded that urinary incontinence was more of a consequence of the initial injury than any procedure [35, 36] . This is supported by the results of our meta-analysis. Our conclusions, also similar to ED, suffer from non-standardised patient allocation and definitions of urinary incontinence. Five studies did not report what definition they used [20, 23, 24, 27, 29] , three used patient self-reporting [22, 26, 32] , and just one used a patient questionnaire (unspecified) with further imaging techniques [25] (table 3) . Using a validated questionnaire like the International Consultation on Incontinence Modular Questionnaire would improve data for this outcome, and would also enable identification of the severity of the incontinence [40] . In any case, the 5.8-8.5% rates of urinary incontinence are low.
Limitations
The present systematic review with meta-analysis has several limitations. As mentioned, the major limitation, shared also by all previous reviews, is study quality [34] [35] [36] . The current studies being mostly retrospective, with heterogeneity, serious selection bias, non-standardised outcome reporting and a paucity of included patients means that meaningful and robust conclusions become difficult to make. We have touched on the difficulties of conducting well-designed randomized controlled trials in major trauma, but prospective randomized studies, similar to one we included, would still increase the quality of the evidence base and are an important research recommendation in this area [29] .
Although we have only analyzed posterior urethral injuries, our analysis are also weakened by our inclusion of both adult and pediatric patients. We anticipated retrieving a small number of studies reporting on a small number of patients, hence we included both groups in order to expand the number of patients in this analysis.
A third limitation is a lack of grading of urethral injury severity by, for example, the Colapinto and McCallum or American Association for the Surgery of Trauma systems [41, 42] . Only 2 studies performed such grading [23, 30] . Reporting on the severity of the initial injury would give further context to our results. For example, Light/Gupta/Dadabhoy/Daniel/ Nandakumar/Burrows/Karthikeyan ( it would help determine if more severe injuries were associated with higher ED and urinary incontinence rates, and if a technique leads to better outcomes depending on injury severity.
Conclusions
For PUI patients, neither PR nor EER produces superior outcomes compared to SCDU regarding stricture, ED, and urinary incontinence rates. The quality of studies in the literature, however, is very poor, with the majority of studies being non-randomized retrospective case studies with potentially high bias. Additional high-qual-ity research, particularly randomized controlled trials or prospective studies, are needed to strengthen the evidence base and subsequent conclusions. 
